Introduction
A proportional chamber amplifier/discriminator package has been designed to perform well under conditions of high instantaneous data rate and low duty cycle. The electronics system described is one which maximizes the detector area within the confines of a magnetic spectrometer (LASS) 1 at the same time increasing the reliability of the system by removing all electronics from the chambers to a position of easy access. Stability of the system is enhanced by having the electronics properly cooled,preventing large temperature variations from affecting electronic thresholds and delays. We have reduced crosstalk and RF pickup problems by using shielded coaxial cables to transport the signal from the chamber to the amplifier.
Preliminary Comments
Proportional chamber signals are negative going pulses having a rise time of 10 nanoseconds and a fall time determined by the distributed capacitances and resistance of the electronics. Pulse heights vary from 100 microvolts to tens of millivolts. In addition to these signals, there are the capacitively induced positive pulses from neighboring wires.
We have chosen to terminate our chamber wires by connecting them directly to 40 feet of properly terminated, 95iQ miniature coaxial cable, resulting in a signal shape which is somewhat triangular at the input to our amplifier circuit, and whosebaseline is on the order of 40 nanoseconds long. which has the effect of forcing the signal current to flow through the ground sheath of the cable, which cancels the field radiated by the signal wire. A separate ground sheath is placed around each cable bundle, which reduces RF pickup to negligible levels and provides the necessary ground link to our chamber (see Fig. 2 ). The transformers are packaged four to a dual inline package and have the properties listed in Table UI . To terminate the cable properly requires 400iQ to ground at the transformer secondary, which gives an L/R time constant of -2.5 microseconds. Since the area of the negative pulse equals that of the positive overshoot,3 the pulse height of the positive overshoot is down by a factor of -100 from that of the signal. however, we see that the pulse height of this undershoot is -1/500 of the main pulse. The average signal is -2.5 millivolts; hence the negative undershoot on the neighboring wire will be about 5 lAvolt, well below our threshold for detection (100-200 ,uvolts). That this is in fact true can be seen from a cluster size distribution shown in Fig. 3 
The Circuit
The heart of our front end circuit (shown in Fig. 4 ) is a fast inexpensive differential video amplifier (Motorola MC1733CG). This device features a gain of 100 using no external components, high common mode rejection, low noise, wide bandwidth, and good overall gain stability. To retain the common mode rejection and to realize a bit more gain, we have preceded the 733 with the 1:2 step-up 1000,uH pulse transformer already discussed. The 733 is ac coupled to the next stage since it has a variable output offset voltage. It is this coupling capacitor which will limit the duty cycle of the circuit. It is, however, ideal for the SLAC duty cycle of 1.5 ,useconds of beam every 5.5 milliseconds. For our discriminator/comparator we have chosen a Fairchild 760HC high speed differential comparator. The trigger threshold of the 760 has been set so that 100 ,uvolt signals developed across the 100Q input impedance have been detected and stable operation achieved (in the laboratory). In the field, however, we set the threshold to 200 ,uvolts.
The output of the 760 is a TTL compatible pulse. Extreme care must be taken in the printed circuit layout to accommodate the expected 5 Figure 6 illustrates the pulse pair resolution measured for our circuit using a signal generator. A pulse separation of -24 nanosecond is necessary to retrigger and observe a second pulse over a wide range of pulse widths.
This of course is not the full story, since we are concerned with pulse pair resolution on a single wire of a proportional chamber. Calculation and measurements have been made5' 8 of the electron collection time in chambers having 7 mm half gaps (-200 nsec). Should a second particle traverse the chamber near this wire it would be difficult to distinguish the collection of new electrons produced by the second particle from those electrons still drifting in from the old track. Our proportional chambers have a 4 mm half gap and hence have an electron collection time of less than 110 nanoseconds.
We might, therefore, expect that our amplifiers will not be ready to accept another pulse without a significant shift in threshold for about that length of time. Figure 7 displays the efficiency of a single wire for detecting a second particle as a function of its separation from the first. The timing information for this wire was recorded by a scintillation counter-TDC system and a one to one correspondence then made for the limited number of cases where the second particle hit the same wire as the first. 9 Further evidence for the deadtimeless feature of this system is shown in Fig. 8 .
Here (Fig. 8b) we display the efficiency of a 1mm spacing beam chamber as a function of incident rate, along with a beam profile (Fig. 8a ). An analysis of these curves (which involves the matched point efficiency of 3 planes) yields a pulse pair resolution of one wire of 125 + 25 nanoseconds. Further analysis also shows that,at these rates and chamber parameters, we are not yet limited by the space charge effects discussed by Sadoulet and Makowski. 10 The timing characteristics of the circuit are displayed in Fig. 9 , the most important features being a delay variation of 12 nanoseconds from twice threshold to 100 times threshold. We see also that the asymptotic delay through the circuit is about 30 nanoseconds. Sixteen channels of amplifier discriminator are packaged per printed circuit board along with the necessary readout electronics described elsewhere. 7 We do not make an attempt to adjust the delay through each circuit as we measure a delay variation of only +1. 5 nanoseconds for 16 channels. However we do adjust thresholds such that the variation for 16 channels is < 3 dR Each amplifier requires 2 amps of 5 volt powers as well as minor amounts of -5 volt and reference voltage power. A rack containing 48 boards, therefore, uses about 100 amps or 500 watts of power. To cool these circuits we use rack mounted, 800 cubic foot/min twin squirrel cage blowers.
An additional feature of this circuit is that it performs identically in the detection of positive pulses if the input transformer is replaced with an inverting transformer having the same electrical characteristicsll (e.g., Pulse
Engineering PE 30066).
Cluster Logic
A useful feature included for each channel is the cluster logic circuit shown in Fig. 10 . The output of the 74123 feeds a signal to the cluster "chain" whose output gives an analog signal proportional to the number of clusters (groups of consecutive wires) hit within one chamber plane. This output, amplified and fed into a commercial discriminator is useful in multiplicity type fast logic triggers. 12 Figure  11 displays the pulse shape found for 1 to 8 clusters.
Additionally the cluster signal can also be used as a fast "OR" of the chamber wires for rough efficiency measurements. logic. This picture has been generated by our amplifier board tester which generates sequentially one through eight clusters for each board.
Cost
The components for this front end circuit can be purchased for under $8.00 per channel. However, to this cost must be added the cost of cables, PC board, labor, cooling, power, etc. The total cost figured this way approaches $20. 00 per channel including the cost of the full readout electronics. 267 286l^9
